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Abstract The gas flows in three-dimensional straight micro channels are numerically simulated using

the direct simulation Monte Carlo method. Different cross section formations and different driving

pressures are taken into considerations. The simulated results indicate the three-dimensional effect

of the cross section formations on the micro channel gas flows. The three-dimensional effect on the

flowrate-pressuredrop relationship is also analyzed.

Key words
L wr &

HER, BEBETHIHRSE (MEMS) RYOKFH
iR R A KHESD T R B FI B R BT 5,
FAE 2 FRAF R MR ) SRS T RR
Foxt T MR S LR R A 8B a8 4 ot S
WEERERENEM, FlIA TN EEESE
KB E R R A, R LR A
PR A U R GE LA R TR S A B TR
Bit4,

B0 THFY B HES R RAE LR
FERR LA VT BB I, a5 P8 SAR R PRl SR,
—fB KB, ABHE Kn > 010, ETEENTE
SERHHRTT R ABERAREEM. W3hLHh
ETHTFBahW S A it B, HEEil Monte
Carlo ¥R —MRKBEZHRUNET 4 TBEIHME
BRI E S 1, BY RN TR
R RS sh S R AR, BRfCA RS
F&FF DSMC J ikl MEMS K< 4 i shH
B L,

Har, BTIFEEKRE, £XLHEK DSMC

I A HE. 2004-01-06; 2{TAHE: 2004-06-16

three-dimensional effect; micro gas flow; direct simulation Monte Carlo

MR T 4R, B =gfAaE EEEL
FE, X—BRELYEEBAMNESHLIRT 1 &
REAY, BERTLER 584 1A AR IT RS
g5 HE, ATHRASESMIT&EMRE, X—
ZUAEBELIER THLURE, BE BRI =4H
RN FEBIE, MM — 07 M LFRRIE R BETR N,
MR —NF R EFEREZRNAFILASNER, =
HE S ANT] ZRS, GRS BN AR E
R AT )

A 3T [ 48 T T e B = 4 L SR R B
BT TR, JFSHERERBEN HERHETT
S, BT T WA = 4500, HEl T AR &
Z T W Poisueille iz, 5B BXMBEILHHITT
XFE, AT T ZHENXTRE - EARRKRE,

2 AT
2.1 DSMC H&EEN

H#4E# Monte Carlo (DSMC) Kk —fhEt
FHTFEhMG AR, ARENHRESARsIN
BEFE, CESHERT LT RN FHED

BETIR: ERARMEFEARSHEME (No.59995550-2); E R B R HRHI 50K IR H # B (No.1999033106)
EEWT FHRR (1977-), B, FHA, Ht, TENEHERERSIABRAGT R I



5 # ERRE: lE ARSI RN 841

MRERR TS0 FREEE, FERshK
SELRBIRE, EEMIEYS, RN
FREXBHEXSMAS T, REEBR TR 5T
mEHE, tE R RPN T Y B R E R, S
K523h5 9T RS, FIR, ERTEs), b
VB R Bobs T 5530 5 IE) P EL VR R R FR B R A B 2
H<F{E. ,
FEASCHEAUF, KA AT AR (VHS), 2
FESASTEREKMHEERRAERGMER,
5 BB 18] 254 RAE /N TR 7 P 2 Rl B 1,
2.2 hRFH

FRUER) DSMC 2 7 F B R B 57 4, B
HEMADASBERRYFRE, MEBRESE
Hisheh, HEEMBERMEELEFHE, —BA
LI B R R E S RIRE, Piekos % Il
FEAOLER EEE " KRB EHEN RS BT &
&, He o —REYsRASHERTEKE; Liou
% O SR AN OB AR & B T B R I e B 4
R FRER SR, HEARSTT, HRSCER
18, ASCIRHKARLUES CFD KA A K E T
%, BRIFEA OAEEWGIAE 1 B

(uin); = uj + pp;p (1)

(Vin)j = v; (2)

(Win); = wj (3)

i = (9

He, jRAOFBITTHARR, R ENHEH
04k, WA

(pout); = pi + p—°E‘;j;2p : (5)

(tous)j = 1 + ”p"—” (6)

('Uout)j = vj (7)

(wout)j = wj (8)

(Tout)j = pout/[(pout)jR] (9)

Nout = pout/m (10)

Hof, a; RAHAEE, AR (1)~(10) KU T EH
R HE AR DSMC 15 & R AL,
3 EER KT

X FRE TR (R ) 0= OB M S
BT T, I LR, B L, BW,

mH., TRARSK, EREWRSHICH (4] . il
HPREE L =5um M H = 0.2um R, & W Lk
AEEBE AL s=W/H, AOEHN 1.5x10°
Pa, HOEAHN 1.0 x 10° Pa, A OSBRI
‘AR 300 K, R T 4 AR LK =48
B, BN THEREREN —4iRESE R, B
WIS ELEESAE 1, ZHERFEHT
50 x 20 x 10 JRIKE, —#EEHIMER T 50 x 10(2 x 2)
WS R, BRIBKEC 4739 x 1071 s, &
B3 7E Pc550MHz fHLE8 UNIX R4 LizfT, HHE
FEMFIEE 400 NN E,

Bl =Z#4EEsER

F1 HAREG
H5 W (pm) s BRHTFH BREE
1 1 5 201356 468060
2 0.5 2.5 202250 499860
3 0.2 1 201913 499860
4 0.1 0.5 201725 494860
5 (2D) 5umx0.2 pm 37741 1x 108

E2MBRT E(F) REFLOLE (B 2z P
H R REEAL) WRsh T M SEEE U, fEE T,
MRS, NE 288, Y s=51, ZH#SEH
BBEES RN RSB, BE s HENE
BEERDN, ZHSNEHHE, BREEZHR
B OgELR,

50r |°_C

2D
§=5.0
m §=25
e s5=10
40 | « $=05 o
@ . SAC Y
g 3.0 ‘7 o
R i soa®e?® |
®
) o o .‘.....o.o. ® e
0e®0%0y O o
2.0 ’.'.0....'. ¥

*
LA ]
le*

LI T S
* [LLAPSTAF YRS
““t *s *
.

1.0 : : -
0.0 0.2 0.4 0.6 0.8 1.0

x/L
B2 BEMEASAREE S
XS TAESE — AL, Z4EEE oz PRE

FY B T 1 R 2 R M I PP R PR 20 B P —
RAELERNLE, HERWE 3 For, B3 AFHZ




842 T 8 # 9 B % #

25 %

ARBERLENLHBBERLES N, A3 R
A~ TR X N R RGN E B
BTN, R MEEE RS AR A B
AE. MBS =4S S 4R 5 3h it 8 AR
TH

Gu = ‘% (11)
Hrp, U ATLLREERE b Ao B Bl i oAk
MR, EEXERUSROBEEE, RS T

BF%RR: .
w=1l—€"" (12)

B, s RFEEEBEKILARYE, CAFE, WA
N EPI G RUMTTE C =092, B 4 BoRT A
KAXGELSE RO, TFBAERFAMRE.

1.1

1.0
0.9 aas
0.8
0.7t

Ussd/ (Jszd

06’. Pl --l.
0.5

M%”WvdebwvvJvﬂf

. . . . L
0.3

0.0 0.2 0.4 0.6 0.8 1.0

x/L
B3 EERALMEELSAEES R
1.0 ——— r
0.8
0.6
. 1
04 * FRALHE
) — e
0.2}
0.0 - ‘ ; - ‘
[ 1 2 3 4 5

s

B4 HRRAKXSRAULSRM LR

AXEHR T ZHEFENRE - ENXRER,
HE/BXO—rAM_BHrELR 1 BT T, E
ATHES 1 #EERTHMERIS, AREFER
THM 1.1x10° Pa 3 1.5 x 10° Pa i 5 f5 5, H A
ES1RFF 1.0 x 10° Pa, (HENERWE 5 Fix,
DSMC FEEAIBRIMMNE - EAXRELHE
ERD R &8 TR RR, HEEER/D,
DSMC £ R 5B BEREARTNFA, Uk
ki, WESE. HERWTRHETHEBRRERR

ROLR & BER R LIER K, BEEERE
B EET ZRECE, TWEAKBELS, EE
WA—HRE, "TLUE LB =45,

3 —
» -+ DSMC#5 3 o
> - —BRTIR '
2| = ShEe Vs
I2 '.,’
X Ve
~
1]
8 Lt P
1§ .
. -
0 i n n "
0.0 0.1 0.2 0.3 0.4 0.5
K EE/ %10 Pa
A5 RE- EEXRRSEHBELES LA
4 2 B

(1) BERBEIER — RH xR s = 43N
MR R, BRI S A o BE [f 1R B S E A e K
HE, WHEER®LTAT 1K, Z4Hshar i
LA — s E, YEERBLANT 5B, =
BEMMEAR, Ak RETE A R A A R B
ANTEFERBETH ZSfish, B-FZRHFES
FAREF s RHERXR,

(2) 75 = HERON X 3 B B Ho 2 A B RN
N, ZHFNME - EEXRRUEREKREK,
HWBECHETBOX LRI, WEERERDNN
RHERF S REF, (EHEHEEZMEAT T8, ZHEH
R o B R A AR AR .

2 % X K

(1] EkR, &G HPERAE MEMS FRA. (CRE
AG5#EBLE. 2002, (7): 14

[2] Guo Z Y, Li Z X. Size Effect on Microscale Single-Phase
Flow and Heat transfer. International Journal of Heat
and Mass Transfer. 2003, 46(1): 149-159

[3] Karniadakis G E, Beskok A. Micro Flows: Fundamentals
and Simulation. New York: Springer, 2002

[4] Bird G A. Molecular Gas Dynamics and the Direct Sim-
ulation of Gas Flows. Oxford: Clarendon Press, 1994

[5] Piekos E S, Breuer K S. Numerical Modeling of Microme-
chanical Devices Using the Direct Simulation Monte
Carlo Method. Journal of Fluids Engineering Transac-
tions of the ASME. 1996, 118(3): 464-469

[6] Liou W W, Fang Y. Implicit Boundary Conditions for
Direct Simulation Monte Carlo Method in MEMS Flow
Predictions. Computer Modeling in Engineering & Sci-
ence, 2000, 1(4): 119-128

[7] Arkilic E B. Measurement of the Mass Flow and Tan-
gential Momentum Accommodation Coefficient in Silicon
Micromachined Channels: [Ph.D Thesis]. MIT., 1997



